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By Robert McM and Claude W. Coffee 

kvestigatione were made in order t o  determine the hydrodynamic 
characteristicg of two aerodpamical ly ref  insd  planing-tail hulls. O n e  
hull had an afterbody that w a s  a tapered boom and the other had two 
afterbodies  consisting of tapered booms fairing out of the engine 
nacelles. Over a wide range of cente-f-avity location, both models 
had a large range of elevator  deflection  for  stable tak-ffs. The 
lower trim 1Wt of s tab i l i ty  peak was high for both configurations but 
trim obtainable were great enough t o  permit operation above the lower 

configuration.  Stable landings could be made over a wide range of t r i m  
and location of the  center of gravity,  prwided the vert ical  chine s t r ips  

chine s t r ip s   t o   t he  point of the  step  reeulted in unatable land-. The 
relatively high trims and the vert ical  chine strips were effective  in 
reducing  the  propeller spray. !I!he hump load-resistance ra t ios  f o r  the 
aerod-d.callg-  refined hulls were low (2.9 t o  3 . 6 ) .  Directional  inat+ 
b i l i t y  m e  noticed over a ehort range of speed w i t h  the singl&bOOm 
configuration. The twin boome provide a substantial amount of transverse 
right in@; lnoment . 

?3 trim Limit. Ho uppe-UmIt porpoising w a ~  encountered w i t h  either 

'. were not extended t o  the point of the  step.  Fxbneion of the vertical 

In order t o  obtain flying-boat f o r m  that w i l l  permit increaeed  range 
and epeed mer those in presentitay me, several ref inemnts of the planing- 
t a l l  tspe of hull have been investigated in  the Langley 300 ME% 7- by lCbfoot 
tunnel and in Langley tapk no. 2. The air drag of the planing-tail  flying- 
boat hull employing a deep step and fu l ld t ep   f a i r ing  has been shown in 

type hull. In reference 2, the hydrodynamic characteristics of t h i s  
planing"tai1"hull  configiration were sham t o  be an improvement mer  those 

fications of the planin@-tail type of hu l l  enibodying an airfoil"section 
f orebody plan famn and slender "boom like" afterbodies have been reported 
in reference 3. This a e r m c  ref inament resulted in a decrease i n  hull  

. reference 1 t o  be considerably Less than that of a comparable comen t iod -  

I of a conventional hull. The aerodynamic characteristics of several modi- 
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volume and a substantial  decrease in the aerodpmmlc drag belaw that of 
the hulls reported in reference 1. The two configurations, which had lower 
drag than  the  others, were a corfiguration w i t h  an "afterbody" that w a 8  
simply a tapered boom of circular  cross  section (see f ig .  1( a)) and a 
configuration that had two "af'terbodies' consisting of tapered booma fair ing 
out of the engine nacelles (see f ig .  l(b) ) . 

The results of the hyrdrodynamic investigation of these two c o n f Y e  
ration6 conducted in  Langley tank no. 2 are given i n  the preseht paper. 
Became of the large portion of the t o t a l  volume forward af  the  center of 
gravity, the problem of airplane  balance may limit the  application of these 
hulls t o  special-purpose, higk-performance airplanes. 

There WBB some doubt that a smal l  conical boom would be a hydro*- 
namically adequate s u b s t i h t e  for an afterbody, although teets '  of referc  
ence 4 had indicated that a mall cylindrical boom might be sufficient,  
Oomequently, there waa included in  the wind-tunnel inveetigation a 
hu l l  i n  which a small t a i l  float was faired  into  the end of the t a i l  
boom (Bee f ig .   l (c )  ) . Exploratory  tank t e s t s  were made with the t a i l  
f l o a t  on the einglelboom configuration  but  these tests showed that the 
t a i l  f loat   actually impaired takwff performance and tank tes ta  were 
discontinued In favor of the s u p l e r  hulls having lower drag. 

SYMBOLS 

gross load  coefficient 

load  coefficient 

speed coefficient (V/m) 

resistance  coefficient 

(444b3) 

load-resistance r a t i o  

gross load on water, pounds 

load on water, pounds 

resistance, pounds 

speed, feet per eecond 

. .. 
- .. 

H 

" 

. .. 
- 

trim, measured between forebody keel and horizontal, degrees 

acceleration of gravity,  feet per second per second 

' \  
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.. 

b max2mum beam of 

W specific w e i g h t  

hull (6.43 ft ,  full eize)  

of water (63.0 lb/cu ft in these tes t s )  
- 
C mean aerodynamic chord 

The model having &n &erbody consisting of a sin@;le boom was desig- 
nated Langley tadk model 237-7s. photographe of thie  model are sham in 
figures 2(a) and 2(b) The general arrangement and hull lines are shown 
in  figures 3 and 4, respeotively. The =del w i t h  the t w i n  booms was 
designated Langley tank model 237-”j?LB. Photographe of t h b  modal a r e  
shown in f m e 8  5(a) and 5(b). Gensral arrangement and hull lines are  
shown in  figures 6 and 7, reepectively. Offsets for both configurations 
are  given in reference 3 . 

The forebody plan form wae a modified l h e r i e a  symmatrical a i r f o f l  . 
section w i t h  lengtbbeam r a t i o  of 7.0. T h e  upper portion o f  the hull  as 
used In the w i n d  tunnel w a ~  not reproduced, In order t o  provide adequate 
spay control, chine stzips  of 0.03 depth w e  wed on both  configurations. 
On the eingle-boam configuration,  the chkm s t r ip s  extended from 0 . 3  aft of 
the nose t o  the point of the step where the7 were faired t o  zero depth. The 
chine strips on the t ~ I ~ + l ~ o a m  configuration extended from 0.56 aft of the 
nose t o  1.4% forward of the point of the step. The- bo- of either co- 
figuration ware s-le cones of c l r c u l a r  croae section. The twin&boam 
configuration had two conical b-, one faired  out of each engine nacelle. 
The nacelles of W s  configuration were nmved outboard to reduce the Mer-  
ference between the forebody waka snd the boame. Both configuratione had 
slightly shorter b o a s  than thoee tested, in the wind tunnel, but it is 
believed thia difference would have no appreciable effect on t h e  aerody- 
namic characterietice. 

These models were size powered asnamfc models of a w o t h e t i c a l  &- 
flying  boat of 65,000 pounds gross load @& = 3.87) . T ~ B  w i n g  and 
power used for both  configurations corresponded to’ those of the Boeing xpBB-1 
which resulted in a wing loading of 35.6 pounds p@r square foot  and a power 
loading of 14.8 pounds per brake horsepower for the m o t h e t i c a l  design. 
The wing vas located as shown in  figures 3 and 6. The wing incidence rela- 
t lve t o  the base line was kO. The tail surfaces *of the single-boom conf‘igu- 

ration were those of the Eueing mB-1 t o  - ecale. The area of the hori- 

zontal t a i l  surfaces of the twin”boom configuration was the 881118 as that of 
the  single boom, but the shape and rnangement were a l te red   to   facf l i ta te  
mounting between €he vert ical  f Ins. The t o t a l  area of the vertical fine 
WRS approximately 1.75 times that used on the single-boom model. 

1 
16 
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Take-of f Stabil i ty 
I 

T 

E 

The center-of-avity limits of stability were determined by making 
accelerated r u m  a t  a constant  acceleration of one foot per second per 
second t o  take-off, with fixed elevator6 and full paver. A sufficient 
number of cen-f-avity locations aad elevator  settings were teflted 
t o  &fins the  s tabi l i ty  linrits. A cente-f-vity limit of s tab i l i ty  
is defined BB that condition a t  which the amplitude of trim oscil lation 
reaches a value of or the trime a t  high speeds b e c b  less than 2'. 
T r i u  of less than 2 a t  high speed8 were coneidemd t o  be unsafe for 
practical  operation. The variation of trim with speed WBB a l s o  observed 
during  these runs. To find the t r im limita of stabil i ty,  the towing 
carriage WBB held at oonstant speed, vhile the model trim was el0wl.y 
increased o r  decreased until the porpoising l imit  wa8 croesed. 

Prior t o  landing, the model WBB trimmed in the air t o  the des3red 
contact trim with tbe  carriage held at a  conetant epeed slightly greater 
than the model flying speed. The carriage waa then  decelerated at a cox+ 
stant rate  of three fee t  per second per second allowing the model t o  
glide onto the water with fixed elevators in elmlation of an actual 
landing. Ths desced to   the water fram flight w a ~  made From a height 
of O.3b above tb  water. Thia procedure was used t o  hold the s w i n g  
speeds t o  remonable values (approx. 300 f%/min full size). A f t e r  the 
first contact  the r i se   res t r ic t ion  wae ramoved. Landings were made 
with the center of gravity  located a t  O.=, O.3OE, and 0 . 4 0 E ,  using 
o w u a r t e r   s t a t i c  thrwt. 

The range of speeds mer which spray xae in tb propellers XBB 
defined for a series ~f gross loads. (See reference 5.) TI.W wa8 
free t o  trim about the 0.308 location of ths center of gravity with the 
elevators fixed a t  Oo. Comtanhpeed runs were made at full power 
~ t a r t i n g  Kith a light load on the Water and increasing the  load until 
spray entered  the propellers. 

Reeistance 

The resistance  characteristics were obtainsd with the wing and t a i l  
surfaces r6mved. The t a i l  booms of both configurations were supported by 
a u i l i q  mearm. A lift curve wae determinad f r a m  t b  variation in t e  
off a p e d  with t r l m  obeemed in  the t a k d  s tab i l i ty  tests. The load on 
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the water correspondhg t o  this  curve waa applied by dead weights. The 
range of trim tested at my speed waa aelected fram the s t ab i l i t y   t e s t s  
as being the range of stable t r im obtainable a t  that speed by the use of 
the elevators. The resistance  selected at each  speed wae the lmst 
resistance  obtained at that speed. The trims at high speed were arbi- 
trarily limited t o  12'. 

Sta t ic  Transverse Stabi l i ty  

The s t a t i c  transverse stability XBB deterrmtned by inclining the model 
w i t h  the wing removed. The model WBB balanced at its nomud gt.068 load 
w i t h  weights located on the center line at the 0.3N location of the center 
of Wavity and then moved outboard t o  apply an upaetting mment. The 
resultant angle of heel was measured aa the angle between the  plane of 
symmetqy and the vertical. 

The exgloratory tests made w i t h  a t a i l  f l o a t  (see f ig .  l f c ) )  indicated 
that such a configuratian  operated in a range of trim which w a ~  lmr than 
that obtained w i t h  the b o a  alone. Near the t w f f  speed the madel 
trimmed up suddew resulting in premature take-offs. Because the t a i l  
f loa t  w a s  apparently clear at the start of the motion, t h i s  t r imchg up 
was thought t o  be the  result  of negative alr pre~smes acting on the  f loat  
bottom as T t  operated in  ths trough of water formed in the forebody wake. 
This hydrodymmlc feature, coupled w i t h  the increase in air drag due to   the  
float,  caused intereet to be centered on the hull  w i t h  the boom alone. 

Take-Off Stability and Trim 

The cente-f-avity l imits  of a tab i l i ty  for the two modele are given 
in figure 8 as a plot of elevator  deflections w t  cente-f-avity 
locations . The range of fixed elevator deflection f o r  stable tak-ff s waa 
large for both  configurations. For the single"boam configuration, this  
range  increased f r o m  1 9  at 0 . 2 0 ~  t o  30° at  0.4~.  he range of ffxed e b  
vator  deflection  'for the twin-;boam conflgmation w a s  about 25' at 0.2OE and 
40' at 0.4OE.  A t  the maximum fixed  elevator  deflection of -30° tak-ffs 
of both  .co&iguratione were stable. . 

The region of lare-limit porpoising  encountered w i t h  the lmr ele- 

f o r  the two models are plotted agalnet speed coefficient. The lower trim 
limits were the 881138 f o r  both configurations w i t h  the  exception of a slight 
difference in the miniwnn speed a t  which lower-limit porpoising was f f r e t  
encountered. The maximum trim at which lare+Umit  porpoieing appeared was 
high for  both  configurations. No upper-limit porpoising waa encountered 

V&Or deflections i B  in f -0 9 W h e r e  the b- limits O f  s tab i l i ty  



w i t h  either Configuration. .mi6 absence of uppelr-limit porpoising enabled 
stable taksoff 6 t o  be ru8de with fu l l  elevator  deflection (-300) as shown 
i n  figure 8. The high peak trims and the absence of uppe+limit porpoising 
were -gwobably both due t o  the high sternpost angles (156'). 

In figure 10, typical  plots of variation in trim of the tvo config- 
uratiom at  fixed elevator  deflections are plotted agaimt speed coefficient 
for the  three  locatione of the  center of gravity investigated. Typical 
photographe are shown in figures e and 12. The s t a t i c  trims of both con- 
figurations were  high (appror. 10 ). % trim of the sing~&onm 
configuration increaaed until a speed coefficient of approximately 2.3 w a ~  
reached. E'rom this speed, Urrt i l  a speed coefficient of approximate% 5.0, 
the trim remained f a i r ly  constarrt at large elevator  deflections (-15 
t o  -3OO). This flattening of the trim track waa the resul t  of the poweEl?U 
farebody  roach which ro8e almost vertically and impinged on the boom in 
this speed range. The twin-boam configuration had higher hung trima since 
the farebody roach did not strike the boama. With both models, trim8 obta- 
able with a wide range of elevator  deflection were  high ellough t o  permit 
operation abave the lower trfm limit of etabili-ty and no uppe?+limit por- 
poising was encountered. 

The s tab i l i ty  and t r im  characterlatics of the two configuration6 differ 
c h i e f 9  in their range of elevator  deflection for stable take-pffs and the 
operating trlms for @Ten elevator  deflections. These differenoes in 
s tab i l i ty  and trim characterist ics  for  the two models may be attributed 
primarily t o  differences in  the t a i l  surfaces, differences in the chine 
strips, and the  change,fn  position of boom re la t ive   to  the roach behind 
the forebody. O f  these three changes, the last constitutes the only dif- 
ference that is inherent in the change fram eingle-boam to twirGboaa c o w  
figuration. The significant conclueion appear6 t o  be that both the single- 
boam and twiGboam configurations oan be designed t o  have a large range of 
f ix sd  elevator  deflection for stable taka-offs mer a wide range of looation 
of the  center of gravity. 

The mnrfrmlm amplitudes of oscillation i n  trim and riae during Lana- 
of the t w m o o m  configuration are shawn in figure 13. Landings were  stable 
a t  all contact trims and positione o f  the  center of gravity. 

The arnr-tlmrm amplitudse of oscillation in trim and r l s e  during lanninga 
of the single-born  configuration are sham in figure 14, A t  forward 
positions of t he  center of gravity,  violent lower-limit porpoising  occurred 
during the landing rum& far all landing trims. A t  after positions of the 
center of gravi ty   lowe~l lmi t  porpoising occurred at  landing trims belaw 70. 
This instabil i ty could not be associated w i t h  the boam inasmuch &a t h i s  
portion of the hul l  was generally clear of the water when porpoising 
occurred. The presence of the vertical  chine s t r ips  near the point of the 
step appeai"ed t o  introduce an undesirable bow-dam hydrodynamic mament which 

I .  
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resulted in low trims. Extending the chine s t r ipe aft on the tw3rGboom 
configuration caused similar lading behavior for this model. 

Satisfactory landing stability,  therefore,  can be attained w i t h  
either  configuration. To avoid i m t a b i l i t y  during the landing runout, 
however, ver t ical  chine atripe ne- the point of the etep Bhould be avoided. 

The range of q e e d  over which spray entered  the propellers ie plotted 
agaimt gross load coefficierrt in figure 15 far both configurations. A t  
the gross load used for the  stAbili ty  tests (65,000 ib, full size, 

of 3.8~)~ the propellers of the twi~&~oom configuration  operated in 

spray over a ahorter spee&oefficient  range ( 0 ~  = 2.0 t o  2.6) than did 
those of the slngl&boom configuration (% = 1.4 t o  3.8) as a result of 
the higher trw and greater nacelle apacing of the tui114oam model. Far 

which tended t o  become m e  intense aa -load waa increased beyond. the load 
at which spray first entered the popellelrr. A t  the gross load used for 
s tabi l i ty   teeta  the propeller spray of both mOaek w a 8 .  ea t ie f ' ac tq .  
Figures U(b) ,  I l (c) ,  and 12(a) are photographs of the models operating 
in the spray region at  mrmal gross load of 65, OOO pour&, Full a i m .  

% 

both mOd8h ths C h i -  8tripS ~ O d U C d .  8 Canfueed wtkI7l O f  light 

.* 

. A t  high trims, though a a p e d  range from approximately GV = 6 t o  
take--off, transverse spay fYm the forebody, aft of the vertical chine 
strips,  wetted  the under aurface of the wing and the booma of the 
twhGboom configuration. 

Resistance 

Resistance  coefficient,  load-resistance r a t i o ,  trim, and load 
coefficient at best trim ( w i t h  12' comidered the m%xhnm usable t r im 
at high Speed) plotted @net B98ed coeffichnt i n  figure 16. 
The hump A/R values of 3.6 f o r  the single-boom and 2.9 for the twb 
boom are  considerably  lees than those  obtained in  weU-desi-d 
conventional h a s  but are of the eazne order as those of single-float 
seaplanes.  Actually a lower power loading  than was used in  the parered 
model tes ta  would be needed in order t o  take off without  wsietance; a 
high-speed alr@ane would have such a low power loading. High hump 
trlms and, therefore, high hump reeistance were natural results of 
placing small booms high w i t h  respect t o  the forebody. 

The twisboom model appeared t o  have inherently higher  resistance than 
the singl-boom model over most of the speed  range. A t  the hump a p e d  the 
single boom rode on the roach  behind  the forebody. The resultant decrease 
i n  trim tended. t o  lower resistance. A t  high  ~peed, the differences in the 
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resistance of the two models may be attributed  to three factors: flrst, 
the  difference  in  air  drag BB a  result of' the methods used t o  connect the 
hydrodynamic  components3  second, the  differences in  the  vertical  chine 
s t r i p  configuration; and third,  the  differences in  spray on the ta i l  born .  
It is difficult   to  f ind  a  practical   location for the  twin booms that would 
permit them t o  be clear of spray at high speeds. 

Directional  Stability 

No quantitative study was made of directional  stability. The models, 
however, were attached t o  a tubular  etaff which was slightly  flexible 
torsionally and a  decided  tendency t o  yaw w a ~  noticed at a speed coefficient 
of about 4.0 on the singlt+boammodel. This tendency occurred mer  a szeed- 
coefficient range of lees than 0.3. In  thirr region the peak of the roach 
from the forebody was in contact  with the end of the boom. The tviI+boom 
configuration showed no tendency t o  yaw since the forebody roach  did  not 
etrike  the ta i l  boomer.. 

S ta t ic  Tranwelrre Stabi l i ty  

 he transverse righting moment of the t w i ~ o o m  configuration (full 
size)  without t i p  f loats  IE plotted againet angle of heel in   f igure 17. 
The righting moment required for this hull afl dete-d  by the U. S. Navy * 

specification -5% (reference 6 )  a t  an assumed m e  of heel of 6O (con- 
sidered  to be representative of the angle8 f o r  submergence of wing-tip 
floate) is also sham. The t w i n  b o r n  Wovided a substantial amount of the Y 

transverse righting moment required. 

.. 

The resul ts  of the   t es t s   to  determine the hydrodynamic character- 
i s t i c s  of aer&pamTcaUy  refined  planlng-tail seaplans hulls, having slender 
boom-like afterbodies,  indicate the following conclusione: 

1. B o t h  the eingle"b0om and twinAoam configurations had a large range 
of fixed elevator  deflection  for  stable  take-offs over a wide range of 
location of the center of gravity. 

2. The peaks of the lower trim limit8 of s tab i l i ty  were high ( l . l . 3 O  
for   the singlsboom configuration and l l o  for the twin-boom configuration). 
However, trims obtainable were great enough t o  permit  operating above the 
lower trim limite and no upper trim limits of s tab i l i ty  were found. 

3. Adequate landing stabi l i ty  can be obtainsd over a witle  range 02 
contact trim and center-ofsavi ty   posi t ion provided the vert ical  chine 
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s t r i p s  are not extended t o  the  point of the step. Extension of the 
vertical chfne strips t o  the point of the etep resulted in unstable 
landings . 

4. The vert ical  china s t r ips  and the relat1vel.y high operating  trims 
resulted in  light propeller spray. 

5. The h u q  load-resistance ratios for both configurations (3.6 for 
the sin&+boom model and 2.9 for the t w i e o m  niode~) were lower than 
those far corrventional hulls. 

6 .  Directional  Instability WBB noticed over a s h o r t  speed range kith 
the single"b00m configuration. 

7. The t w i n  boame provide a substantial munt of transverse  righting 
moment. 

Langley Aeronautical Laboratory 
Rational Adviaoqy Committee for Aeronautice 

Langley A i r  Force Base, Va. 
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Figure 5.- Concluded. 
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“I Elevator 
deflection, deg 

2.0 4.0 6.0 8.0 10.0 
Speed coefficient, GV 

C.Q., P 

1 6 1  

Elevator 
deflection, deg 

2.0 4.0 
Speed coefficient. q r  

6.0 8.0 10.0 120 

peroent M A C .  

2.0 Y.0 6.0 8.0 10.0 ‘0 2.0 4.0 6.0 8.0 10.0 12.0 
Speed coefficient, Speed coefficfent, CV 

C.G., 3 percent P A C .  v 

2.0 4.0 6.0 8.0 16.0 . Speed coeffioient, GV 2ome2&ffibcient. % .o 8.0 10.0 12.0 

C.G., LIO percent Y.A.C. 

(a) Single boom. (b) Twin boom. 

Figure 10.- Variation of trim with speed. - 
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(a) Cy - 0; trim - 10.24 
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Figure 12.- Photographe of t w m o o m  conPiguration be- tested. Full 
power; gross load. coefficient, 3.87. - 
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c.g. location 
per cent M.A.C. 

0 2 4 6 8 10 l2 14 16 18 
Contact trim, deg 

(a) llmplitude o f  vertical motion, 

0 0 
0 0 

0 

Contact trim, deg 

(b) Amplitude of trim oscillation. 

Figure 13 .- Landing stability of twirGboom model. 
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(a) Amplitude of ve r t i ca l  motion. 
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(b) Amplitude of trim oscil lation. 

Figure 14.- Landing stabilit of eingle-boom model. 
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Gross load for s tabi l i ty  
and resistance tests  

Intermittent sprag 
in propellers 

1.0 2.0 3 -0 
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Figure 15.- Gross load coefficient at which spray enters propellers. 
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U. S. Navy requirment for rl ti m n t  with 
[wi~ t i p  float Butmerged at 6 P Y  ang e of heel 
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,,-One boap leaves water 
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Figure 17.- R i g h t i n g  rcoment of twia-bwm configuration without t i p  floats. - 
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